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INTRODUCTION
In order to be utilized by the cell, glucose
must enter the cell and be phosphorylated to
glucose - 6 - phosphate. This initial process of
entry and phosphorylation therefore represents
an initial limiting step for cell metabolism.
The efficiency of the phosphorylation process
catalyzed by the enzyme hexokinase was dis-
cussed in a previous paper (1).
To our knowledge no studies have been done
concerning the process by which glucose gets
to and into the epidermal cell. Our study of
the problem is divided into several steps:
1) first, we determined the concentration of
glucose within the human epidermis in vivo;
2) on the basis of this information, in vitro
experiments were done to determine whether
these findings corresponded with those in vivo
and to determine the mechanism involved.
The results of the in vivo determinations of
glucose concentration within the epidermis
are detailed in this paper.
METHODS
A. The Glucose Content of Keratome Slices
Epidermal strips weighing 50 to 100 mg were re-
moved from the backs of normal men with a
Castroviejo keratome set to cut at a depth of 02
mm. These strips contained 75 to 95 per cent epi-
dermis. They were immediately frozen in liquid
N2, weighed while frozen, homogenized in ice cold
0.6 N perchioric acid (100 mg per 1 cc perchioric
acid) and centrifuged at 6,000 X g for 15 minutes
in the cold. The supernatant was neutralized with
2 N potassium hydroxide, allowed to precipitate
for one hour at 40 C and again centrifuged. The
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neutralized supernatant was assayed for glucose
using a fluorometric enzyme assay specific for glu-
cose (2). Corrections for tissue water content were
made on the basis of a tissue water content of 2/ of
the total wet weight, a figure which has con-
sistently been found on comparisons of fresh weight
versus dry weight, of epidermal specimens.
B. The Glucose Content of Pure Epidermis
Skin samples obtained from three subjects were
immediately frozen in liquid N, and sectioned at
25 e in a cryostat. The sections were dried while
frozen and dissected free of dermis using micro—
techniques. In one instance sections were cut to
contain five to ten per cent dermal contamination
as well as entirely free of dermis so that the dif-
ference could be compared. Sections from each
sample were pooled to give approximately 500
sg. dry weight, weighed on a quartz-fiber fish
pole balance and assayed for glucose after homog-
enization in perchloric acid and neutralization as
above.
RESULTS
1. The glucose content of keratome slices.
Table I lists the results of assays on 18 sub-
jects. An average glucose concentration of 32.4
mg per 100 cc tissue water was found with a
range of from 13.5 to 59.4 mg per 100 cc tissue
water.
. The glucose content of pure epidermis.
Table II lists the results of the three assays
done by dissecting pure epidermis before anal-
ysis. Pure epidermis has an average glucose
content of 38 mg per 100 cc tissue water. In
the single specimen where dermis was de-
liberately included the glucose concentration
was found to be 57 mg per 100 cc tissue water
in comparison with the value of the pure epi-
dermis of the same specimen of 43 mg per 100
cc of tissue water. This indicates that dermal
glucose concentration is considerably higher
than epidermal and probably approximates
the serum concentration.
DISCUSSION
Sehragger (3) reported that in slices of pure
human epidermis the glucose concentration
was directly proportional to the blood glucose
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TABLE I
Glucose content of keratome slices
Glucose
content in
mpm/mg.fresh tissue
Glucose conteut
in pm/cc tissue
11,0
Glucose content
in mg/tOO cc
tissue 1120
Range 0.5-2.2 O.75_3.3** 13.559.4**
(18)*
Average 1.2 1.8 0.65 32.4 11.7
S.D.
* Number of subjects.
** Water content of fresh epidermis averages
34 of total weight.
TABLE II
Glucose content of epidermis dissected
free of alt dermis
Glucose
content in
mpm/m5.
fresh
tissue
Glucose
content in
pm/cc
Tissue
HsO
Glucose
content in
mg/tOO cc
tissue
110
#1
#2
#3 with dermis
#3 without dermis
Average of pure epi-
dermis 1, 2, and 3
1.6
1.1
2.2
1.6
2.4
1.7
3.3
2.4
43
29
57
43
38
and averaged from 40 to 75 per cent of the
blood sugar. Our previous figure of 33.8 mg %
(1) and our present one of 32.4 mg % of
keratome slices and 38 mg % for pure epi-
dermis also indicates that epidermal glucose
values are approximately 35 to 67 per cent of
the serum glucose (assuming a normal serum
glucose of 60 to 100 mg %).
We find this figure particularly hard to ex-
plain. If we assume that glucose as such does
not enter the epidermal cell hut rather is phos-
phorylated to glucose-6-phosphate at the cell
membrane, then there should be no glucose in-
side the cell and the glucose being measured
should all be due to glucose present in the in-
tercellular spaces. Assuming that this glucose
is present at a concentration in the inter-
cellular spaces which is equal to the serum
concentration, then the size of the epidermal
extracellular (intercellular) space must be
quite large, i.e., this space must comprise 35
to 67 per cent of the total epidermal volume.
From histologic and electron micrographie
evidence, this seems too large to be true.
If, on the other hand, we assume that glucose
freely penetrates the epidermal cell and is
present within the cell, why is the concentra-
tion within the epidermis not equal to the
blood concentration instead of only averaging
approximately 50 per cent of the blood con-
centration? One may speculate that the glu-
cose is utilized by the cell and therefore the
concentration is lowered, but this seems un-
likely in view of the low rate of glucose utili-
zation by the epidermis (approximately 0.3
tm/min/gm) (4, 5) compared with the glu-
cose concentration (1.8 m/cc) (2). Of course
this could occur if the diffusion of glucose to
the cells was slow and the epidermis could
therefore keep up with the supply. Further
experiments are obviously needed to clarify
the extent of the intercellular space in the
epidermis, the extent to which glucose enters
the epidermal cell, and the mechanism by
which it enters.
SUMMARY
Human epidermis in vivo contains glucose
at a concentration which is 35 to 67 per cent
of the blood concentration. This figure seems
too high if glucose is found only in the inter-
cellular spaces of the epidermis and too low if
glucose penetrates freely into the epidcrmal
cells.
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